Weave types of commercial woven fabrics were determined by analysing the two-dimensional Fourier transformation patterns of the reflected images. Data collection and data analysis were done by image processing system based on a microcomputer. The relationships between the structural units of weave types and the Fourier power spectra are summarized as follows: (1) structural unit is observed in the unit cell defined by the neighboring two warp yarns and two filling yarns in Fourier space, (2) weave harrness is obtained by counting the number of power spectra inside the unit cell, (3) structural unit is equivalent to the Fourier power spectrum arrangement of the reflected image rotated by 90 degree.
Introduction
A woven fabric made of the cross combination of the warp and filling yarns has a two-dimensional lattice structure. To study the fabric structure, it is useful to observe the periodic arrangement of the surface contours associated with the yam faces or the geometrical intersticies enclosed by neighboring two yams. They have an effect on the optical and mechanical properties of the fabric. In practice, the quality of the woven product is related to the geometrical shape of the lattice structure and their irregularity distribution, and the visual and handling properties are also related to the surface contours of the fabric. The fabric analysis is made to determine the fabric structure. The real time data processing and the automatical method for the detection and discrimination are required in place of the manual measurement.
We have mainly studied an optical image evaluation on the periodic arrangement of the fabric structure by observing the optical diffraction pattern. In the previous papers, we have described the detection of fabric defects l'21, the discrimination among fabric defects131, and the local irregularity under uniaxial extension~41
In these above analysis, the two-dimensional arrangement defined by yam intersticies have been investigated. The surface contour pattern is also one of the periodic arrangement defined by the structral unit arrangement, i.e. weave type.
The weave type of a woven fabric is constructed by the repetition in space of a structural unit defined by the warp and filling faces. The theoretical studies of the construction for the complete design have been made by several investigators~s-71 Numerical method for constructing the complete weaves has also been done using a microcomputer181. But there are very few investigations on the pattern recognition of the woven fabrics with regard to the fabric analysis. Although the structural properties of the fabrics are directly observed by visual measurements, it is useful to study the experimental methods of detecting the characteristic patterns automatically by using the digital and/or optical image processing. We have already described the details on the analytical procedures for detecting weave type and experimental demonstration by observing the diffraction pattems~9l. In this paper, we will demonstrate the above analytical procedures by using the ordinary digital image processing.
Experimetal Procedures
The reflected and transmitted images of the woven fabrics were obtained by using the commercial television camera as shown in Fig. 1 . A light source is a tungusten lamp. The magnification of the image was made by the concave lens placed in front of the television camera. The light was incident upon an angle of with the normal to surface of the sample.
An image processing system (see Fig. 2 ) was used in this experiment was constructed by means of a microcomputer as a base. Images were so magnified that the number of the yams could be 20-30 ends or picks on the screen. Each image was digitized into 128x128 pixels. Each pixel was assigned a gray level from dark to light of 0-128. This instrument allows a gray Television camera was set at 0° overtically to the sample.
Experimental Results and Discussion
The weave types are mainly classified into the following four types: plain, twill, satin and derivatives. Figure 3 shows the fabric structure models of the regular weaves on the upper side and the surface contour pattern of the warp face models on the lower side. In order to determine the weave type of the fabric experimentally, it requires to obtain the surface contour pattern of the woven fabric and the structural units associated with the weave types as indicated by dashed lines in Fig. 3(c) , (d) and (e). There are two questions to answer: (1) How can we obtain the surface pattern associated with the warp faces or filling faces? (2) How can we detect the structural unit of the weave type in the surface contour pattern?
According to the photometric measurements of the light intensity reflected from the fabric, the intensity distribution depends on the angle between the incident light and the reflected light, and the surface convex of the fabric. Figure 4 shows the reflected images of twill weave as a function of the angle of the incidence, after passing through the image processing system. Figure 4 (a) shows the surface pattern obtained for 10° incidence. The surface contour pattern is not obtained clearly in this geometry. Figure 4(b) shows the surface pattern for 70° incidence. The collimated light was incident perpendicular to the warp yarns. Only warp faces were observed as a bright spots. The image was not affected by the light intensity diffused from the filling yarns. The above mentioned results indicate that the surface contour pattern of the woven fabric is emphasized if the incident light is inclined or if the sample is tilted. This is mainly explained as the law of the reflection at the surface of the cylindrical yarns. The two-dimensional shapes of the light spots are not always the regular periodic arrangement of point in space. The light spots are influenced by the yarn geometry such as the yarn fuzziness, yarn twist and yarn crimp. Figure 4(c) shows the surface pattern observed at 70° incidence perpendicular to the filling yarns. The surface contour pattern becomes blurred in comparison with that in Fig. 4(b) . The reduction of the difference between the light and dark level is due to the decrease in the crimp amplitudes of the filling yarn.
The similar results were obtained in the case of the derivative weave which contains a small number of the harness. The surface pattern of the twill derivative is shown in Fig. 5 . To a considerably high extent, either warp faces or filling faces can equal to the number of the harness in the structural unit. Figures   6 and 7 show the results of the Fourier transform of the commercial woven fabrics. Figure 6 shows the reflected images of the three types of the complete weaves: (a) plain, (b) twill and (c) satin. The light spots represent the surface patterns of the warp faces. Each pixel was pre-set with a gray level of 64 as a threshold value. Figure 7 shows the Fourier transform patterns of the reflected images. The rectangle surrounded by dashed lines indicate the unit cell in Fourier space. The side length of the unit cell corresponds to the pick spacing between the neighboring two yarns. The power spectrum arrangement (*) is directly compared with the structural unit of weave type. Figure 7(c) shows the Fast Fourier Transform pattern of satin weave. As a sample, we chose the satin weave of 5-harness and 2-counter. Since the dimensions in Fourier space are reciprocal elements of the spatial dimensions, it is inappropriate to the direct comparison of the texture patterns between the unit cell and structual unit. Comparison was made between the structural unit and the unit cell rotated by through 90 degree. The different image patterns were obtained by choosing the threshold level of the power spectrum. The scattered spectra comes to disappear if the high threshold value is applied. The threshold value depends on the irregularity of the warp face arrangement. The relationships between the local irregularity and Fourier analysis have been discussed in the reference)21.
The numerical results of Fast Fourier Transform can be summarized by pointing out the following three relationships:
(1) The structural unit of weave type is observed in the unit cell associated with the neighboring two warp yarns and two filling yarns in Fourier space.
(2) The number of the harness, n, is determined by counting the number of the light spots, t, inside the unit cell. The relationship is given as the form of n = t+l.
(3) The texture pattern of the structural unit is obtained by the Fourier transformation pattern titled clockwise by 90 degree.
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